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CONNECTION STRUCTURE BETWEEN OPTICAL ELEMENT AND OPTICAL FIBER, 
CONNECTION METHOD THEREOF, AND OPTICAL MODULE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a connection structure between an optical 
element and an optical fiber, and a connection method of coupling an optical element and an 
optical fiber. Furthermore, the present invention relates to an optical module and an optical 
transmission unit including the connection structure. 

2. Description of Related Art 

[0002] The related art includes developments in optical communication 
technologies to service high-speed and large-amount data transmission in the information and 
communication technology sector. In related art optical communications, an electrical signal 
is usually converted into an optical signal, which is transmitted through optical fibers. Then, 
the optical signal received is converted into an electrical signal. Such a converting operation 
from the electrical signal to the optical signal and then from the optical one to the electrical 
one is performed by optical elements. For implementation of optical communications by such 
a converting method, it is needed to precisely align the optical fiber and the optical element 
for the purpose of reducing optical loss. 

[0003] However, an optical surface (i.e., a plane of incidence or an emitting plane) 
of the optical element generally has a fine structure and a diameter of the optical fiber is 
minute in size. Therefore, accuracy is required for the alignment between the optical element 
and the optical fiber. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a connection structure between an optical 
element and an optical fiber that makes it possible to inexpensively secure optical • 
transmission between the optical element and the optical fiber. 

[0005] The invention also provides a connection method of coupling an optical 
element and an optical fiber that is superior in productivity and does not require accurate 
alignment between the optical element and the optical fiber. 

[0006] The invention further provides an optical module and an optical transmission 
unit having the connection structure. 



[0007] (1) A connection structure in one aspect of the present invention includes an 
optical element having an optical surface, an optical fiber, and a connecting part that joins an 
end surface of the optical fiber and the optical surface. 

[0008] hi this case, at least a part of the end surface of the optical fiber is positioned 
to face the optical surface. 

[0009] (2) A connection structure in another aspect of the present invention 
includes an optical element having an optical surface, an optical fiber having a core and a 
clad, and a connecting part that joins an end surface of the core and the optical surface. 

[0010] Li this case, at least a part of the end surface of the core is positioned to face 
the optical surface. 

[0011] hi this present application, an "optical surface" means a plane of an optical 
element, fi-om which light is emitted or into which light is introduced. For example, if the 
optical element is a light emitting element, the optical surface is a plane firom which light is 
emitted (an emitting plane). If the optical element is a light receiving element, the optical 
surface is a plane into which the light is introduced (a plane of incidence). 

[0012] Also in this present application, '*to face" means not only the condition 
where two planes are facing in parallel each other, but also the condition where two planes 
are facing each other with a certain angle between them. 

[0013] There is no specific restriction on the shape of the end surface of the optical 
fiber as long as the connecting part is provided. The end surface may be round or oval in 
shape. Likewise, there is no specific restriction on the sectional shape of the connecting part. 

[0014] The connection stmcture of the present invention having such a structure as 
described above can provide a connection structure between an optical element and an optical 
fiber that makes it possible to inexpensively secure optical transmission between the optical 
element and the optical fiber. 

[0015] Also, in an exemplary embodiment of the invention, there is no specific 
restriction on the material of the optical fiber. For example, the present invention is applied 
to any optical fiber of quartz glass, plastic, a complex material of plastic and quartz, and 
multicomponent glass. 

[0016] (3) Li the connection structure according to the invention, the refi-active 
index of the connecting part is almost equal to the refi*active index of the core of the optical 
fiber. With this structure, light reflection at a boundary between the connecting part and the 
core can be reduced so that optical loss at the boundary can be reduced. 



[0017] (4) Also, in the connection structure according to the invention, the 
refractive index of the connecting part is greater than the refractive index of the clad of the 
optical fiber. 

[0018] (5) Also, in the connection structure according to the invention, the height 
of the end surface of the core is different from the height of the end surface of the clad at the 
end part of the optical fiber joined to the connecting part. 

[0019] (i) In this case, the core is not covered by the clad at the end part. This 
setup makes it possible to form a convex portion by the core and clad at the end part. 

[0020] An area sxirrounding the connecting part is covered by a sealant at the end 
part. With this structure, the connecting part can surely be fixed onto the end surface of the 
core. As a result, it becomes possible to obtain the connection structure with a higher yield. 

[0021] hi this case, the refractive index of the sealant is smaller than the refractive 
index of the core of the optical fiber and the refractive index of the connecting part. 

[0022] Also, in this case, the refractive index of the coimecting part is almost equal 
to the refractive index of the core of the optical fiber, and the refractive index of the sealant is 
almost equal to the refractive index of the clad of the optical fiber. With this structure, the 
connecting part and the sealant is provided with similar fimctions to those of the core and the 
clad of the optical fiber, respectively. Accordingly, the optical loss can be reduced. 

[0023] (ii) Moreover, in this case, it is possible to have the clad not cover the core 
at the end part. Accordingly, a concave portion is formed by the core and clad at the end part. 
With this structure, the connecting part can surely be fixed onto the end surface of the core. 
As a result, it becomes possible to obtain the connection structure with a higher yield. 

[0024] (6) hi the connection structure according to the invention, the connecting 
part is formed by hardening a liquid material that is hardened by charging energy. 

[0025] hi this case, the connecting part is composed of ultraviolet curing resin. 

[0026] (7) Li the connection structure according to the invention, the optical 
element is any of a surface emitting semiconductor laser, a semiconductor light emitting 
diode, an electroluminescent (EL) device and a photo diode. 

[0027] (8) An optical module according to the invention includes the connection 
structure of the invention and a semiconductor chip that is electrically coupled to the optical 
element. 

[0028] The optical module of the present invention having the connection structure 
makes it possible to configure a connection structure between an optical element and an 
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optical fiber that can secure optical transmission between the optical element and the optical 
fiber. In comparison with an ordinary optical module in which a lens is additionally placed 
between the optical fiber and optical element, the optical module of the present invention 
requires an alignment between the optical fiber and optical element via the connecting part so 
that the alignment work can be simplified. Furthermore, the connection structure directly 
connecting the optical element and the optical fiber via the connecting part makes any highly 
precise alignment xmnecessary. Consequently it becomes possible to realize a simplified, 
downsized and low-cost unit. 

[0029] (9) An optical transmission unit of the present invention includes an optical 
fiber, and a light emitting element that has an emitting plane and lets a light emitted fi"om the 
emitting plane into an end surface of the optical fiber. The optical transmission imit also 
includes a semiconductor chip electrically coupled to the light emitting element, a light 
receiving element that has a plane of incidence and introduces a light emitted from the other 
end surface of the optical fiber through the plane of incidence, and a semiconductor chip 
electrically coupled to the light receiving element. At least one of the connection stmcture 
between the light emitting element and the optical fiber, and the connection structure between 
the light receiving element and the optical fiber, is the connection stmcture according to an 
exemplary embodiment of the present invention, which is described above. 

[0030] (10) A connection method of coupling an optical element and an optical 
fiber in one aspect of the present invention includes: (a) forming a connecting part precursor 
by applying a liquid agent to at least one of an end surface of the optical fiber and an optical 
surface of the optical element, and (b) forming a connecting part by hardening the connecting 
part precursor while joining the end surface of the optical fiber and the optical surface via the 
connecting part precursor. 

[0031] In this case, step (b) can include joining the end surface of the optical fiber 
and the optical surface via the connecting part precursor while making at least a part of the 
end surface of the optical fiber face the optical surface. 

[0032] The connection method of coupling an optical element and an optical fiber 
of the present invention achieves high productivity. Moreover, a precise alignment between 
the optical element and the optical fiber is not required any more. In addition, a simplified 
method is available to join the optical element and the optical fiber via the connecting part. 

[0033] (11) A cormection method of coupling an optical element and an optical 
fiber in another aspect of the present invention includes: (a) forming a connecting part 



precursor by applying a liquid agent to at least one of an end surface of the core of the optical 
fiber and an optical surface of the optical element, and (b) forming a connecting part by 
hardening the connecting part precursor while joining the end surface of the core and the 
optical surface via the connecting part precursor. 

[0034] hi this case, step (b) can include joining the end surface of the core and the 
optical surface via the connecting part precursor while making at least a part of the end 
surface of the core face the optical surface. 

[0035] Also, in this connection method of coupling an optical element and an 
optical fiber, the height of the end surface of the core is different fi-om the height of the end 
surface of the clad. 

[0036] The connection method for coupling an optical element and an optical fiber 
of the present invention achieves high productivity. Moreover, a precise alignment between 
the end surface and the optical surface is not required any more, hi addition, a simplified 
method is available to join the optical element and the optical fiber via the connecting part. 

[0037] (12) hi the connection method for coupling an optical element and an 
optical fiber of the invention, the liquid agent is applied by means of an ink-jet method in 
which the liquid agent is dispensed by using an ink-jet heads, hi this method, the dispensing 
volxmie of the liquid agent is precisely adjusted. Therefore, it becomes possible to precisely 
place a connecting part precursor onto at lease one of the end surface of the optical fiber and 
the optical surface. 

[0038] (13) In the connection method for coupling an optical element and an 
optical fiber of the invention, the connecting part precursor is hardened by charging energy. 

[0039] (14) hi the connection method for coupling an optical element and an 
optical fiber of the invention, the optical element is any of a surface emitting semiconductor 
laser, a semiconductor light emitting diode, an EL device and a photo diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a schematic side view of a connection structure between an optical 
element and an optical fiber according to a first embodiment of the invention; 

[0041] FIG. 2 is a schematic that shows a process of a connection method of 
coupling an optical element and an optical fiber according to the first exemplary embodiment 
of the invention; 



[0042] FIG. 3 is a schematic that shows a process of a connection method of 
coupling an optical element and an optical fiber according to the first exemplary embodiment 
of the invention; 

[0043] FIG. 4 is a schematic that shows a process of a connection method of 
coupling an optical element and an optical fiber according to the first exemplary embodiment 
of the invention; 

[0044] FIG. 5 is a schematic side view of a connection structure between an optical 
element and an optical fiber according to a second exemplary embodiment of the invention; 

[0045] FIG. 6 is a schematic that shows a process of a connection method of 
coupling an optical element and an optical fiber according to the second exemplary 
embodiment of the invention; 

[0046] FIG. 7 is a schematic that shows a process of a connection method of 
coupling an optical element and an optical fiber according to the second exemplary 
embodiment of the invention; 

[0047] FIG. 8 is a schematic side view of a connection structure between an optical 
element and an optical fiber according to a third exemplary embodiment of the invention; 

[0048] FIG. 9 is a schematic that shows an example of a manufacturing process for 
an optical fiber illustrated in FIG. 8; 

[0049] FIG, 10 is a schematic that shows an example of a manufacturing process for 
an optical fiber illustrated in FIG. 8; 

[0050] FIG. 1 1 is a schematic that shows a process of a connection method of 
coupling an optical element and an optical fiber according to the third exemplary embodiment 
of the invention; 

[0051] FIG. 12 is a schematic that shows an exemplary modification of a connection 
structure between an optical element and an optical fiber according to the third exemplary 
embodiment of the invention; 

[0052] FIG. 13 is a schematic that shows a connection method of coupling an 
optical element and an optical fiber of an exemplary modification illustrated in FIG. 12; 

[0053] FIG. 14 is a schematic that shows an exemplary modification of a connection 
structure between an optical element and an optical fiber according to the third exemplary 
embodiment of the invention; 



[0054] FIG. 15 is a schematic side view of a connection structure between an 
optical element and an optical fiber according to a fourth exemplary embodiment of the 

invention; 

[0055] FIG. 16 is a schematic that shows a process of a connection method of 
coupling an optical element and an optical fiber according to the fovuth exemplary 
embodiment of the invention; 

[0056] FIG. 17A is a schematic that shows an exemplary modification of a 
connection stmcture between an optical element and an optical fiber according to the first 
exemplary embodiment, and FIG. 17B is a schematic that shows another exemplary 
modification of a connection stmcture between an optical element and an optical fiber 
according to the first exemplary embodiment of the invention; 

[0057] FIG. 18 is a schematic that shows an optical module according to a fifth 
exemplary embodiment of the invention; 

[0058] FIG. 19 is a schematic that shows an optical communication system 
according to a sixth exemplary embodiment of the invention; 

[0059] FIG. 20 is a schematic that shows an implementation format of an optical 
communication system according to a seventh exemplary embodiment of the invention. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0060] The following sections describe exemplary embodiments of the present 
invention while referring to the drawings. 

(First Exemplary Embodiment) 

1 . Connection Structure Between Optical Element and Optical Fiber: 

[0061] FIG. 1 shows a side view of a connection structure between an optical 
element and an optical fiber accordmg to a first exemplary embodiment of the present 
invention. A connection imit 1000 is indicated in FIG. 1 as the connection stmcture. 

[0062] The connection xmit 1000 includes an optical element 100, an optical fiber 
120, and a connecting part 140, as shown in FIG. 1. Each component of the connection imit 
1000 is be described below. 

(Optical Element) 

[0063] The optical element ICQ is a light emitting element or a light receiving 
element. For example, the optical element 100 is a light emitting element to emit light in a 
direction perpendicular to a substrate, or it is a light receiving element to introduce a light 
coming in a direction perpendicular to a substrate. When the optical element 100 is a light 
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emitting element, the light emitted from an optical surface 180 is introduced into the optical 
fiber 120 through the connecting part 140 with high efficiency. If the optical element 100 is a 
light receiving element, the light emitted from the optical fiber 120 is introduced via the 
optical surface 180 through the connecting part 140 with high efficiency. There is no specific 
restriction on the specifications of the optical element 100. The optical element 100 is, for 
example, any of a surface emitting semiconductor laser, a semiconductor light emitting diode, 
an EL device and a photo diode. 

[0064] The optical element 100 includes the optical surface 180. This exemplary 
embodiment shows an example where the optical surface 180 is placed on the top surface of a 
column section 130. For example, if the optical element 100 is a surface emitting 
semiconductor laser, the column section 130 constitutes a part of a resonator. If the optical 
element 100 is a light emitting diode, the column section 130 includes an active layer. 

[0065] The optical element 100 is coupled to the optical fiber 120 through the 
connecting part 140 as shown in FIG. 1 . Namely, the relative position of the optical element 
100 to the optical fiber 120 is fixed by the connecting part 140. In the connection unit 1000, 
the optical surface 1 80 of the optical element 100 is facing at least a part of an end surface 
120a of the optical fiber 120. 

(Optical Fiber) 

[0066] The optical fiber 120 generally includes a core 122 and a clad 124. The clad 
124 surrounds the core 122 concentrically. In the optical fiber 120, light is reflected at a 
boundary between the core 122 and the clad 124 so that the light is confined in the core 122 
to get transmitted inside the core 122. Meanwhile, the clad 124 is covered and protected by a 
jacket (not shown). 

[0067] Though this exemplary embodiment shows an example where the optical 
fiber 120 has its sectional shape of a circle, there is no specific restriction on the sectional 
shape of the optical fiber 120. This notice can also be applied to any optical fibers shown in 
other exemplary embodiments as well as exemplary modifications described below. For 
example, the optical fiber 120 can be an optical fiber having its sectional shape of an oval, or 
even another optical fiber which has its sectional core shape of a circle or oval with its 
sectional clad of any shape. 

[0068] FIG. 1 shows an end part of the optical fiber 120 (one of the two end parts). 
It is still possible that each of both the end parts of the optical fiber 120 is equipped with the 
optical element 100 through the connecting part 140. In this case, the optical element 100 



placed at one end part is a light emitting element and placed at another is a light receiving 
element. Otherwise, it is also possible that only one of the two end parts of the optical fiber 
120 is equipped with the optical element 100 through the connecting part 140. This notice 
can also be applied to any connection structures of optical elements and optical fibers shown 
in other exemplary embodiments as well as exemplary modifications described below. 
(Connecting Part) 

[0069] As FIG. 1 shows, the connecting part 140 is coupled to the end surface 120a 
of the optical fiber 120, and the optical surface 180 of the optical element 100. 

[0070] When the light emitted from the optical fiber 120 is, for example, let in a 
light receiving element (not shown), the light emitted from the end surface 120a of the optical 
fiber 120 is let in the light receiving element after going through the connecting part 140. 
When the light emitted from a light emitting element (not shown) is, for example, let in the 
end surface 120a of the optical fiber 120, the light emitted from the light emitting element is 
let in the end surface 120a of the optical fiber 120 after going through the connecting 
part 140. 

[0071] The connecting part 140 is formed by hardening a liquid material that is 
hardened by charging energy. As the liquid material, for example, a precursor of an 
ultraviolet curing resin material or a thermosetting resin material is used. As the ultraviolet 
curing resin material, for example, acrylic base resin and epoxy base resin of an ultraviolet 
curing type is listed. As the thermosetting cure resin material, polyimide base resin of a 
thermosetting cure type is named, 

[0072] A precursor of an ultraviolet cure resin material gets hardened by applying 
ultraviolet rays for a short time. Therefore, hardening can be done without going through any 
process, which is likely to cause damage to an element, such as a thermal treatment process. 
Consequently, forming the connecting part 140 with a precursor of an ultraviolet cure resin 
material can reduce the chance of any adverse effects on the element. 

[0073] Specifically, the connecting part 140 is formed by applying a liquid agent to 
at least one of the end surface 120a of the optical fiber 120 and the optical surface 180 of the 
optical element 100 to make a connecting part precursor (described below), and then by 
hardening the connecting part precursor. 

[0074] Specifically, the connecting part 140 is composed of a precursor of an 
ultraviolet cure resin material or a thermosetting cure resin material. In this case, the shape 
and size of the connecting part 140 is controlled by adjusting the type and volume of the 
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liquid agent to be used to form the connecting part 140. The shape and size of the connecting 
part 140 is determined according to the distance between the end surface 120a of the optical 
fiber 120 and the optical surface 180. Namely, depending on the distance between the end 
surface 120a of the optical fiber 120 and the optical surface 180, the shape and size of the 
connecting part 140 is determined so as to join the end surface 120a of the optical fiber 120 
and the optical surface 180. This notice is also applied to any other exemplary embodiments 
as well as exemplary modifications described below. 

[0075] The refiractive index of the connecting part 140 is greater than the refi-active 
index of the clad 124 of the optical fiber 120. With this structure, it becomes possible to 
reduce the chance of the light breaking into the clad 124. 

[0076] Furthermore, the refi'active index of the connecting part 140 is almost equal 
to the refractive index of the core 122 of the optical fiber 120. With this structure, the light 
reflection at the boundary between the connecting part 140 and the core 122 can be decreased 
so that the optical loss at the boundary can be reduced. This notice is also applied to any 
other exemplary embodiments as well as exemplary modifications described below. 

2. Connection Method for Coupling Optical Element and Optical Fiber: 

[0077] A method of manufacturing the connection unit 1000 shown in FIG 1 is 
described below by referring to FIG 2 and FIG 3. Each of FIG 2 through FIG 4 
schematically illustrates each single step of the connection method of coupling the optical 
element 100 and the optical fiber 120. 

(Forming Connecting Part Precursor) 

[0078] At first, a connecting part precursor is formed on the end surface 120a of the 
optical fiber 120 and the optical surface 180. Specifically, a drop of the liquid material 
(hereinafter a "droplet" 140b) to form the connecting part 140 is dispensed onto, at lease one 
of the end surface 120a of the optical fiber 120 and the optical surface 180 of the optical 
element 100 so as to form the connecting part precursor (Refer to FIG. 2). As described 
above, the liquid material is hardened by charging energy. 

[0079] This exemplary embodiment describes an example where, as shown in FIG. 
2, the droplet 140b is dispensed onto both the end surface 120a of the optical fiber 120 and 
the optical surface 180 to form connecting part precursors 140x and 140y (Refer to FIG. 3). 
As a second exemplary embodiment describe below, it is still possible to dispense the droplet 
140b onto either of the end surface 120a of the optical fiber 120 or the optical surface 180 to 
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form a connecting part precursor and then face the end surface 120a and optical surface 180 
each other to form the connecting part precursor 140a (described below, refer to FIG. 4). 

[0080] As a way of dispensing the droplet 140b, for example, a dispenser method or 
an ink-jet method is named. The dispenser method is an ordinary way to be used to dispense 
the droplet 140b, and it is effective to dispense the droplet 140b on a relatively wide area. 

[0081] The ink-jet method is a way of dispensing a droplet by using an ink-jet head. 
Using this method makes it possible to control a position to which the drop is dispensed at the 
micrometer level and to control the volume of the drop to be dispensed at the picoliter level. 
As a result, it becomes possible to manufacture a connecting part of a fine stmcture on an end 
surface of an optical fiber that is minute in size. 

[0082] A way of dispensing the droplet 140b by using an ink-jet head 1 10 is 
described below by referring to FIG. 2. The droplet 140b is dispensed onto the end surface 
120a of the optical fiber 120 and the optical surface 180 by using the ink-jet head 1 10 as FIG. 
2 shows. As a result, the connecting part precursor 140y is formed on the end surface 120a of 
the optical fiber 120, while the connecting part precursor 140x is formed on the optical 
surface 180 as FIG. 3 shows. 

[0083] Exemplary ways of ink-jet dispensing, including the following two methods 
described below: 

[0084] (i) The size of a bubble in the liquid (in this case, it is the connecting part 
precursor) gets changed by heat to cause pressiu^e, which eventually dispenses the liquid. 

[0085] (ii) A piezoelectric element is used to cause pressure, which eventually 
dispenses the liquid. In order to effectively control liquid pressure, method (ii) is preferable. 

[0086] A related art or known image recognition technology which is commonly 
used in an exposure and an inspection work step of semiconductor IC circuit manufacturing 
processes is applied for alignment work to control the position of an ink-jet head nozzle and 
the position to which a droplet is dispensed. For example, the alignment is done between the 
positions of a nozzle 1 12 of the ink-jet head 110 and the optical surface 180, and the nozzle 
112 and the end surface 120a of the optical fiber 120. After the alignment, the voltage to be 
imposed onto each ink-jet head is adjusted and then the droplet 140b is dispensed. As a result 
of the above operation, the connecting part precursors 140x and 140y are formed on the 
optical surface 180 and the end surface 120a of the optical fiber 120, respectively, as FIG. 3 
shows. 
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[0087] In this exemplary embodiment, the optical element 100 includes the column 
section 130. The optical surface 180 is provided on the top surface of the column section 
130. Consequently, the connecting part precursor 140x is formed on the top surface of the 
column section 130. When the droplet 140b is dispensed onto the optical surface 180, the 
droplet 140b remains on the top surface of the column section 130 due to surface tension. As 
a result, the connecting part precursor 140x is formed, having the required shape and size. 

[0088] Meanwhile, the connecting part precursor 140y is formed on the end surface 
120a of the optical fiber 120. In the same manner as described above; when the droplet 140b 
is dispensed onto the end surface 120a, the droplet 140b remains on the end surface 120a due 
to surface tension. As a result, the connecting part precursor 140y is formed, having the 
required shape and size. 

[0089] Dispensing the droplet 140b is repeated as many times as needed, to form 
the connecting part precursors 140x and 140y of the required shape and size. The connecting 
part precursors 140x and 140y are so shaped and sized that at least some parts of them meet 
each other to get joined when the end surface 120a of the optical fiber 120 and the optical 
surface 180 are set to have a predetermined distance. 

[0090] If needed, lyophiUc or lyophobic treatment is done for the end surface 120a 
of the optical fiber 120 and the optical surface 180 before dispensing the droplet 140b. This 
makes it possible to control the wettability of the end surface 120a and the optical surface 180 
for the droplet 140b. This operation enables controlling the shape and size of the connecting 
part 140 more precisely. 

[0091] Next, the end surface 120a of the optical fiber 120 and the optical surface 
180 are faced each other. In this embodiment, at least a part of the end surface 120a is faced 
to the optical surface 180. In terms of efficient utilization of light, it is desirable to place the 
optical fiber 120 and the optical surface 180 as shown in FIG. 4 so that the center of the 
optical surface 180 is positioned on a line Ri that comes through the center of the end surface 
120a and is perpendicular to the end surface 120a. 

[0092] Furthermore, the end surface 120a of the optical fiber 120 and the optical 
surface 180 are closely placed to have a predetermined distance between them, and thereby 
the connecting part precursors 140x and 140y (Refer to FIG. 3) get contacted each other. 
According to this operation, the connecting part precursors 140x and 140y, both of which are 
liquid, are merged into the connecting part precursor 140a (Refer to FIG. 4). The connecting 
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part precursor 140a obtained in this step is joined to the end surface 120a and the optical 
surface 180, as shown in FIG. 4. 

(Forming Connecting Part) 

[0093] Next, the connecting part precursor 140a is hardened to form the connecting 
part 140, as FIG. 4 shows. Specifically, some energy 113 such as thermal energy and optical 
energy is applied to the connecting part precursor 140a. 

[0094] For hardening the connecting part precursor 140a, an appropriate hardening 
method is to be selected depending on the type of the liquid material. Specifically, charging 
thermal energy and radiating ultraviolet rays, laser beams and so on is named as a hardening 
method. The amount of energy 1 13 to be charged is adjusted as required, depending on the 
shape, size and material of the connecting part precursor 140a. Through the manufacturing 
steps described above, the connection unit 1000 including the optical element 100, the optical 
fiber 120, and the connecting part 140 is finally materialized (Refer to FIG. 1). 

3. Operation and Effects: 

[0095] By applying the connection structure between an optical element and an 
optical fiber according to this exemplary embodiment, it becomes possible to obtain a 
connection structure (the connection unit 1000) that inexpensively secure optical transmission 
between the optical element 100 and the optical fiber 120. 

[0096] Furthermore, applying the connection method for coupling an optical 
element and an optical fiber according to this exemplary embodiment achieves high 
productivity and also makes it unnecessary to implement any accurate alignment between the 
optical element 100 and the optical fiber 120. The operation and effects described above are 
explained in detail below. 

[0097] (1) First, since the end surface 120a of the optical fiber 120 and the optical 
surface 180 are coupled through the connecting part 140, the optical loss of the light 
transmitted between the optical fiber 120 and optical element 100 can be reduced. To explain 
the reason for the above, an ordinary connecting structure between an optical element and an 
optical fiber is described below. 

[0098] In the case of an ordinary connecting structure between an optical element 
and an optical fiber, no connecting part is formed between the optical element and the optical 
fiber. Therefore, for the purpose of efficiently letting the light emitted fi*om the optical 
element into the optical fiber or into the optical element, it is needed to precisely perform 
alignment between the optical element and the optical fiber. In addition, if the optical 
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element is a light emitting element, sometimes the light emitted from the optical surface is 
once reflected on the end surface of the optical fiber and then enters the optical surface. 
Then, there arises a problem that the incident light (returning hght) changes properties of the 
optical element. 

[0099] Meanwhile, in the case of the connection structure according to this 
exemplary embodiment (the connection unit 1000), the connecting part 140 is joined between 
the end surface 120a of the optical fiber 120 and the optical surface 180. Therefore, even 
without any precise alignment between the optical element 100 and the optical fiber 120, the 
light emitted from the optical element 100 (or the optical fiber 120) can be efficiently 
introduced into the optical fiber 120 (or the optical element 100). Namely, by applying this 
connection unit 1000, it becomes possible even without any precise alignment to secure 
optical transmission between the optical element 100 and the optical fiber 120. 

[0100] Furthermore, since the end surface 120a of the optical fiber 120 and the 
optical surface 180 are joined through the connecting part 140, it is possible to prevent the 
above-mentioned retuming light from emerging. This enables the optical element 100 to 
maintain its properties as they are. 

[0101] An exemplary modification is shown in FIG. 17A (a connection imit 1 100). 
Even if the center of the optical surface 180 is not positioned on the line Ri that comes 
through the center of the end surface 120a of the optical fiber 120 and is perpendicular to the 
end surface 120a, it is still possible to efficiently transmit light since the end surface 120a and 
the optical surface 180 are joined through a connecting part 940. 

[0102] Another exemplary modification is shown in FIG. 17B (a connection unit 
3100). Even if the center of the optical surface 180 is not positioned on a line R2 that comes 
through the center of an end surface 222a of a core 222 and is perpendicular to the end 
surface 222a, it is still possible to efficiently transmit light since the end surface 222a and the 
optical surface 180 are joined through a connecting part 740. 

[0103] In FIG. 17A and FIG. 17B, the connecting parts 740 and 940 are made of the 
same material as that of the connecting part 140 described in this exemplary embodiment, and 
they are formed by the same method as this exemplary embodiment explains. 

[0104] (2) Second, the connecting part 140 is formed by hardening a liquid material 
that is hardened by charging energy. In other words, a connecting part precursor is formed on 
at least one of the end surface 120a of the optical fiber 120 or the optical surface 180. Then, 
while contacting with the end surface 120a and the optical surface 180, the connecting part 
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precursor is hardened. As a result, the optical element 100 and the optical fiber 120 are 
joined through the connecting part 140. Accordingly, it is not required to implement any 
accurate alignment between the optical element 100 and the optical fiber 120. 

[0105] The shape and size of the connecting part precursor 140a is controlled by 
adjusting the dispensing volume of the droplet 140b. Therefore, the shape and size of the 
connecting part precursor 140a can be adjusted according to the distance between the optical 
element 100 and the optical fiber 120. 

(Second Exemplary Embodiment) 

1. Connection Structure Between Optical Element and Optical Fiber: 

[0106] FIG. 5 shows a side view of a connection structure between an optical 
element and an optical fiber according to a second exemplary embodiment of the present 
invention. A connection unit 2000 is shown in FIG. 5 as the connection structure. 

[0107] The connection unit 2000 includes the optical element 100, the optical fiber 
120, and a connecting part 840, as shown in FIG. 5. 

[0108] In the connection unit 2000, the way of forming the connecting part 840 is 
different fi-om that of the connecting part 140 (Refer to FIG. 1) described in the first 
exemplary embodiment. The other structural components other than this point are the same 
as those of the connection unit 1000 of the first exemplary embodiment. As a general rule in 
the description on this connection unit 2000, any component having the same structure as the 
corresponding component in the connection unit 1000 of the first exemplary embodiment is 
provided with the same symbol as given in the connection unit 1000, and any detailed 
description for the component is omitted. 

2. Connection Method for Coupling Optical Element and Optical Fiber: 

[0109] Next, a method of manufacturing the connection unit 2000 shown in FIG. 5 
is described by referring to FIG. 6 and FIG. 7. For any process which is the same as the 
connection method for couphng the optical element 100 and the optical fiber 120 of the first 
exemplary embodiment described above, the relevant description is omitted as a general rule. 

(Forming Coimecting Part Precursor) 

[0110] This exemplary embodiment describes an example where, as shown in 
FIG. 6, a connecting part precursor 840a is formed only on the end surface 120a of the optical 
fiber 120. A forming method of the connecting part precursor 840a is the same as described 
in the first exemplary embodiment for the connecting part precursors 140x and 140y. 
Namely, the connecting part precursor 840a is formed on the end surface 120a by dispensing 



16 

the droplet 140b (Refer to FIG. 2) onto the end surface 120a of the optical fiber 120 (Refer to 
FIG. 6). 

(Forming Connecting Part) 

[0111] A forming method of the connecting part 840 (Refer to FIG. 5) is the same 
as described in the first exemplary embodiment. Furthermore, the connecting part 840 is 
made of the same material as that of the connecting part 140 described in the first exemplary 
embodiment. 

[0112] Specifically, while the end surface 120a of the optical fiber 120 and the 
optical surface 180 are kept to face each other as shown in FIG. 7, the end surface 120a of the 
optical fiber 120 and the optical surface 180 are closely placed to have a predetermined 
distance between them, and then the connecting part precursor 840a gets contacted with the 
optical surface 180. Then, the energy 1 13 is applied to the connecting part precursor 840a to 
harden the connecting part precursor 840a. As a result, the connecting part 840 is formed as 
FIG. 5 shows. 

(Others) 

[0113] This exemplary embodiment describes an example where the connecting part 
840 is formed by the process in which the connecting part precursor 840a is formed only on 
the end surface 120a of the optical fiber 120. Altematively, it is also possible to place a 
connecting part precursor only on the optical surface 180 to form the connecting part (not 
shown). In this case, the connecting part precursor gets touched with at least the end surface 
of the core on the end surface 120a when the connecting part precursor gets touched with the 
end surface 120a. 

3. Operation and Effects: 

[0114] Applying the connection structure and the connection method of coupUng an 
optical element and an optical fiber of this exemplary embodiment brings the same operation 
and effects that the connection structure and the connection method of the first exemplary 
embodiment have. 

[0115] Moreover, by applying the connection stmcture and the connection method 
of coupling an optical element and an optical fiber of this exemplary embodiment, the 
connecting part is formed by the process where a connecting part precursor is formed onto 
either of the end surface 120a of the optical fiber 120 and the optical surface 180. Thus, the 
connecting part is obtained by an easier method. 
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[01 16] In particular, when the connecting part precursor 840a is formed on the end 
surface 120a of the optical fiber 120, surface tension generally acts on the connecting part 
precursor 840a as far as the side of the optical fiber 120 does not get wet with the connecting 
part precursor 840a. Therefore, the shape and size of the connecting part precursor 840a can 
be controlled by adjusting the volume of the liquid agent by which the connecting part 
precursor 840a is formed. As a result, the connecting part 840 is formed, having the required 
shape and size. 

(Third Exemplary Embodiment) 

1. Connection Structure Between Optical Element and Optical Fiber: 

[0117] FIG. 8 shows a side view of a connection structure between an optical 
element and an optical fiber according to a third exemplary embodiment of the present 
invention. A connection unit 3000 is shown in FIG. 8 as the connection structure. 

[0118] The connection unit 3000 of this exemplary embodiment includes the optical 
element 100, an optical fiber 220, and a connecting part 240, as shown in FIG. 8. 

[0119] The connection unit 3000 shown in FIG. 8 has a different stmcture fi"om the 
structures of the first and second exemplary embodiments in a point that the height of an end 
surface 222a of a core 222 is different fi*om that of an end surface 224a of a clad 224 at an 
end part of the optical fiber 220, while the end surface 222a and the optical surface 180 are 
joined through the connecting part 240. 

[0120] Each component of the connection unit 3000 is described below. As a 
general rule in the description on this connection unit 3000, any component having the same 
stmcture as the corresponding component in the connection unit 1000 of the first exemplary 
embodiment is provided with the same symbol as given in the connection unit 1000, and any 
detailed description for the component is omitted. 

(Optical Fiber) 

[0121] The optical fiber 220 includes the core 222 and the clad 224. This 
exemplary embodiment shows an example where the core 222 is not covered by the clad 224 
at the end part of the optical fiber 220 shown in FIG. 8. The optical fiber 220 exposes an 
aspect of the core 222. In other words, the end surface 222a of the core 222 is protruding 
from the end surface 224a of the clad 224 at the end part of the optical fiber 220 shown in 
FIG. 8. Accordingly, the core 222 and the clad 224 forms a convex portion 260. 

[0122] Furthermore, the optical fiber 220 is made of the same material as that of the 
optical fiber 120 described in the first exemplary embodiment. 
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(Connecting Part) 

[0123] The connecting part 240 is positioned on the end surface 222a of the core 
222 of the optical fiber 220 as FIG. 8 shows. The connecting part 240 is made of the same 
material as that of the connecting part 140 described in the first exemplary embodiment. 

[0124] The connecting part 240 is fomied by using the same manufacturing method 
as that of the connecting part 840 (Refer to FIG. 5) described in the second exemplary 
embodiment. Specifically, the connecting part 240 is formed by applying a droplet onto the 
end surface 222a of the core 222 of the optical fiber 220 to make a connecting part precursor 
(described below) there, and then by hardening the connecting part precursor. 

2. Connection Method for CoupUng Optical Element and Optical Fiber: 

[0125] Next, a method of connecting an optical element and an optical fiber shown 
in FIG. 8 is described by referring to FIG. 9 through FIG. 1 1 . For any process which is the 
same as that of the connection method of coupling an optical element and an optical fiber of 
the first exemplary embodiment described above, the relevant description is omitted as a 
general rale. 

(Manufacturing End Surface of Core and Clad) 

[0126] At first, procedures to protrude the end surface 222a of the core 222 fi-om the 
end surface 224a of the clad 224 are explained below. Specifically, the following methods 
(1) and (2) are cited as an example to protrude the end surface 222a of the core 222 firom the 
end surface 224a of the clad 224. 

(1) Wet Etching Method: 

[0127] First, procedures to pro trade the end surface 222a of the core 222 firom the 
end surface 224a of the clad 224 by etching are explained by referring to FIG. 9. The 
following explanation is made on the premise that the optical fiber 220 is a silica-based fiber. 

[0128] In general, a core and a clad of an optical fiber are composed of different 
component in order to have a greater refi^active index of the core than that of the clad. 
Therefore, by making use of the difference in the components of the core and clad, it is 
possible to selectively remove either the core or the clad by wet etching. 

[0129] An etchant which selectively removes a part of the clad 224 by 
implementing wet etching for the optical fiber 220 having its flat end surface (Refer to FIG. 
9) is used in this case. This process enables the end surface 222a of the core 222 to get 
protraded from the end surface 224a of the clad 224. 
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[0130] As an etchant to be used for such a selectively etching operation for the core 
and clad of a silica-based fiber, for example, a solution prepared by blending hydrofluoric 
acid and ammonium fluoride (buffer fluoric acid solution) is used. In this case, by adjusting 
concentrations of hydrofluoric acid and ammonium fluoride in the buffer fluoric acid 
solution, the clad 224 can selectively be removed. 

[0131] FIG. 9 illustrates the wet etching operation. As shown in FIG. 9, an end part 
of the optical fiber 220 is soaked into an etchant 230. By this operation, the clad 224 is 
selectively dissolved to get removed selectively at the end part of the optical fiber 220. 

[0132] Specifically, the clad 224 is removed by using a buffer fluoric acid solution 
prepared by blending a 40wt.% ammonixmi fluoride solution, a 50wt.% hydrofluoric acid 
solution, and pure water (H2O) with specified volume ratios. 

[0133] It is also possible to selectively remove the core 222 by adjusting 
concentrations of hydrofluoric acid and ammonium fluoride in the buffer fluoric acid 
solution. This operation is explained in detail in another exemplary embodiment described 
below. 

(2) Photo-Curing Method: 

[0134] Next, procedures to protrude the core 222 by photo-curing are explained by 
referring to FIG. 10. In this method, a grow of a photo-curing resin is positioned at the end 
surface of the core 222 of the optical fiber 220 to protrude the end surface 222a of the core 
222 fi'om the end surface 224a of the clad 224. In this case, there is no specific restriction on 
the material of the optical fiber 220 as far as the adherence with the photo-curing resin is 
secured. 

[0135] Specifically, an end part (one of the two end parts) of the optical fiber 220 
including the end surface 222a is soaked into a liquid material 232 including a precursor 
component of an ultraviolet curing resin material as FIG 10 shows. Meanwhile, at the other 
end part, ultraviolet rays 213 are let in through an end surface 222b of the core 222. Then, the 
ultraviolet rays 213 let in through the end surface 222b are transmitted inside the core 222, 
and are emitted fi-om the end surface 222a of the core 222. In this case, no ultraviolet rays are 
introduced into the clad 224. Therefore, no ultraviolet rays are emitted fi"om the clad 224, and 
the end surface 222a of the core 222 is the only part that emits the ultraviolet rays 213. As a 
result, by the ultraviolet rays 213 emitted firom the end surface 222a of the core 222, the 
precursor component of the ultraviolet curing resin material that is included in the liquid 
material 232 gets reacted at the end surface 222a of the core 222. According to the above 
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operation, a grow of the ultraviolet curing resin material is formed at the end surface 222a of 
the core 222 so that the core 222 becomes elongated. Consequently, the optical fiber 220 is 
provided with a structure in which the end surface 222a of the core 222 is protruded from the 
end surface 224a of the clad 224 as shown in FIG 8. 

[0136] FIG. 10 shows an example where the core 222 becomes elongated while the 
end part of the optical fiber 220 is soaked into the liquid material 232. Instead of soaking the 
end part of the optical fiber 220 into the liquid material 232, it is also possible to position the 
liquid material 232 onto the end surface 222 of the optical fiber 220 and then let in ultraviolet 
rays through the other end surface of the core 222 to elongate the core 222 in the same 
manner as FIG. 10 shows. This altemative is not shown in the drawings. 

(Forming Connecting Part) 

[0137] Next, the connecting part 240 is formed on the end surface 222a of the core 
222 of the optical fiber 220, Except the point that the connecting part 240 is formed on the 
end surface 222a of the core 222, the method of forming a connecting part in this exemplary 
embodiment is the same as that of forming the connecting part 140 in the first exemplary 
embodiment. Furthermore, the connecting part 240 is made of the same material as that of 
the connecting part 140 described in the first exemplary embodiment. 

[0138] Specifically, a drop of the liquid material to form the connecting part 240 is 
dispensed onto the end surface 222a of the core 222 of the optical fiber 220. As a result, the 
connecting part precursor 240a is formed on the end surface 222a of the core 222 as shown in 
FIG. 1 1 . While the end surface 222a of the core 222 and the optical surface 1 80 are kept to 
face each other, the end surface 222a of the core 222 and the optical surface 1 80 are closely 
placed to have a predetermined distance between them, and then the connecting part precursor 
240a gets contacted with the optical surface 180. Then, energy is applied to the connecting 
part precursor 240a under the conditions described above to harden the connecting part 
precursor 240a. As a result, the connecting part 240 is formed (Refer to FIG. 8). 

[0139] As a method to harden the connecting part precursor 240a, the same 
hardening method as that for the connecting part precursor 140a in the first exemplary 
embodiment is used. As a result of it, the connection unit of the optical element 100 and the 
optical fiber 220 (the connection lonit 3000) is obtained (Refer to FIG. 8). 

3. Operation and Effects: 

[0140] Applying a connection structure and a connection method of coupling an 
optical element and an optical fiber of this exemplary embodiment brings the same operation 
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and effects as the connection structure and the connection method of the first exemplary 
embodiment. 

[0141] According to the connection structure and the connection method of 
coupling an optical element and an optical fiber of this exemplary embodiment, the 
connecting part 240 is formed on the end surface 222a of the core 222 of the optical fiber 220. 
In the optical fiber 220, light is transmitted only inside the core 222. Namely, since the 
connecting part 240 is positioned only on the end surface 222a of the core 222, the light is 
efficiently introduced into the optical element 100 fi-om the core 222 through the connecting 
part 240, when the optical element 100 is a light receiving element. If the optical element 100 
is a light emitting element, the light is efficiently introduced into the core 222 fi-om the optical 
element 100 through the connecting part 240. 

4. Exemplary Modifications: 

[0142] Exemplary modifications of the connection stmcture between an optical 
element and an optical fiber of this exemplary embodiment are explained below. 
(1) First Exemplary Modification 

[0143] FIG. 12 shows a connection structure between an optical element and an 
optical fiber as an exemplary modification of this exemplary embodiment. FIG. 13 shows a 
connection method of coupling the optical element and the optical fiber of the modification 
illustrated in FIG. 12, which shows a connection imit 3200 as the connection structure of the 
exemplary modification. 

[0144] In the connection unit 3200, the shape and size of a connecting part 340 are 
different fi*om those of the connecting part 240 (Refer to FIG. 8) indicated in this exemplary 
embodiment. Regarding the other structural components except the point described above, 
the connection unit 3200 includes the same structure as the connection imit 3000 of FIG. 8 
shows. 

[0145] FIG. 13 illustrates a condition where a connecting part precursor 340a is 
placed on the end surface 222a of the core 222. By adjusting the shape and size of the 
connecting part precursor 340a, it is possible to control the shape and size of the connecting 
part 340. 

[0146] For example, in the optical fiber 220 shown in FIG. 13, a convex is formed 
by the end surface 222a of the core 222 and the end surface 224a of the clad 224. In this case, 
when the connecting part precursor 340a is formed on the end surface 222a of the core 222, 
adjusting the volume of the liquid agent to be used enables the maximum diameter d2 of the 
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connecting part precursor 340a to become greater than the diameter di of the end surface 
222a. According to this operation, the connecting part 340 is made still greater. As a result, 
when the end surface 222a of the core 222 and the optical surface 180 of the optical element 
100 are coupled, a margin of the distance between the two is set to be greater. 
(2) Second Exemplary Modification 

[0147] FIG. 14 shows a connection stmcture between an optical element and an 
optical fiber as an exemplary modification of this exemplary embodiment. FIG. 14 shows a 
connection xmit 3300 as the connection structure between an optical element and an optical 
fiber. 

[0148] In the connection unit 3300 shown in FIG. 14; the surrounding area of the 
protruded section of the core 222, the connecting part 240, and the colxmm section 130 are 
covered by a sealant 226 at an end part of the connection unit 3000 shown in FIG. 8. 

[0149] Namely, except the sealant 226, the other structxire of connection unit 3300 
is the same as that of the connection unit 3000 (Refer to FIG. 8) of this exemplary 
embodiment. Therefore, the connection unit 3300 is provided with the same operation and 
effects as the connection imit 3000. 

[0150] Furthermore, in the connection unit 3300, the surrounding area of the 
connecting part 240 is covered by the sealant 226, and then the connecting part 240 is surely 
fixed between the end surface 222a of the core 222 and the optical surface 180. As a result, a 
higher yield can be achieved. 

[0151] In the event, the refi-active index of the sealant 226 is preferably lower than 
those of the core 222 and the connecting part 240. By applying such a structure, the sealant 
226 is provided with a function as a clad to confine the light transmitting inside the core 222 
and the connecting part 240 at the end part of the optical fiber 220 shown in FIG. 14. 

[0152] Furthermore, the refiractive index of the connecting part 240 is preferred to 
be the same as that of the core 222, and the refiractive index of the sealant 226 is still further 
preferred to be the same as that of the clad 224. In other word, by applying such a structure, 
the connecting part 240 and the sealant 226 is provided with the fimctions of the core and the 
clad of the optical fiber, respectively. The optical loss can be reduced accordingly. 

[0153] The descriptions on the refractive indexes mentioned above are also applied 
to the other exemplary embodiments and exemplary modifications. 
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[0154] There is no specific restriction on the material of the sealant 226. For 
example, a resin material of an ultraviolet cxire resin type or a thermosetting cure resin type is 
used. 

(Fourth Exemplary Embodiment) 

1 . Connection Structure Between an Optical Element and an Optical Fiber: 

[0155] FIG. 15 shows a side view of a connection structure between an optical 
element and an optical fiber according to a fourth exemplary embodiment of the present 
invention. A connection unit 4000 is indicated in FIG. 15 as a connection structure between 
an optical element and an optical fiber. 

[0156] The connection unit 4000 of this exemplary embodiment includes the optical 
element 100, an optical fiber 320, and the connecting part 340 as shown in FIG. 15. 

[0157] In the connection unit 4000 shown in FIG. 15, an end surface 322a of a core 
322 and an end surface 324a of a clad 324 are different fi-om each other in their height at an 
end part of the optical fiber 320, and the connecting part 340 is positioned on the end surface 
322a of the core 322 of the optical fiber 320. In terms of the points described above, the 
connection unit 4000 is provided with a structure that is the same as the structure of the 
connection unit 3000 of the third exemplary embodiment. 

[0158] Meanwhile, in the connection unit 4000 of this exemplary embodiment, the 
clad 324 does not cover the core 322 at an end part of the optical fiber 320 as FIG. 15 shows. 
In terms of the point described above, the coimection unit 4000 is provided with a structure 
that is different fi-om the structure of the third exemplary embodiment. In other words, an 
inner wall of the clad 324 exposes it, 

[0159] Next, each component of the connection unit 4000 is described below. 
However, as a general rule in the description on the connection unit 4000, any component 
having the same structure as the corresponding component in the coiuiection unit 3000 of the 
third exemplary embodiment (Refer to FIG. 8) is provided with the same symbol as given in 
the connection unit 3000, and any detailed description for the component is omitted. 

(Optical Fiber) 

[0160] The optical fiber 320 includes the core 322 and the clad 324. This 
exemplary embodiment shows an example where the clad 324 does not cover the core 322 at 
the end part of the optical fiber 320 as mentioned above. In other words, the end surface 324a 
of the clad 324 is protruding fi-om the end surface 322a of the core 322 at the end part of the 
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optical fiber 320 as shown in FIG. 15 so that a concave portion 360 is composed there of the 
core 322 and the clad 324. 

[0161] The optical fiber 320 is made of the same material as that of the component 
mentioned as the optical fiber 120 in the first exemplary embodiment. 

(Connecting Part) 

[0162] The connecting part 340 is positioned on the end surface 322a of the core 
322 of the optical fiber 320 as FIG. 15 shows. The connecting part 340 is made of the same 
material as that of the connecting part 240 (Refer to FIG. 8) described in the third exemplary 
embodiment. 

[0163] Furthermore, the connecting part 340 is formed by using the same 
manufacturing method as that for the connecting part 240 described in the third exemplary 
embodiment. Specifically, the connecting part 340 is formed by applying a liquid agent onto 
the end surface 322a of the core 322 of the optical fiber 320 to make a connecting part 
precursor (described below) there, and then by hardening the connecting part precursor. 

2. Connection Method for Coupling Optical Element and Optical Fiber: 

[0164] A method of connecting an optical element and an optical fiber shown in 
FIG. 15 is described by referring to FIG. 16. For any process, which is the same for the 
connection method of coupling an optical element and an optical fiber of the third exemplary 
embodiment described earlier, the relevant description is omitted as a general rule. 

(Manufacturing End Surface of Core and Clad) 

[0165] In this exemplary embodiment, the end surface of the core 322 and the clad 
324 of the optical fiber 320 is manufactured by the wet etching method described as one of 
the methods for the third exemplary embodiment. Specifically, while controlling the types 
and concentrations of the components, of which the etchant is composed, etching operation is 
implemented to selectively remove the core 322 by the wet etching method. 

[0166] For example, if the optical fiber 320 is configured with a silica-based fiber 
and a buffer fluoric acid solution is used as an etchant, the core 322 can selectively be 
removed by adjusting concentrations of hydrofluoric acid and ammonium fluoride in the 
buffer fluoric acid solution. 

[0167] Specifically, a solution for the use of removing the clad in the second 
exemplary embodiment is used, while concentrations of the components in the solution are 
adjusted. 
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(Forming Connecting Part) 

[0168] Next, the connecting part precursor 340a is formed on the end surface 322a 
of the core 322 of the optical fiber 320. In this exemplary embodiment, the method of 
forming the connecting part 340 is the same as that of forming the connecting part 240 in the 
third exemplary embodiment. Furthermore, the coimecting part precursor 340a is realized 
with the same material as that of the coimecting part precursor 140a (Refer to FIG. 4) 
described in the first exemplary embodiment. 

[0169] Specifically, a drop of the liquid material to form the connecting part 340 is 
dispensed onto the end surface 322a of the core 322 of the optical fiber 320 to form the 
connecting part precxirsor 340a on the end surface 322a of the core 322 as shown in FIG. 16. 
While the end surface 322a of the core 322 and the optical surface 180 of the optical element 
100 (Refer to FIG. 15) are kept to face each other, the end surface 322a of the core 322 and 
the optical surface 180 are placed to be close each other to have the specified distance 
between them, and then the connecting part precursor 340a gets contacted with the optical 
surface 180, Then, energy is charged to the connecting part precursor 340a imder the 
conditions described above to harden the coimecting part precursor 340a. As a result of it, the 
connecting part 340 is formed. According to the above operation, a connection structure 
between the optical element 100 and the optical fiber 320 (connection unit 4000) is obtained 
(Refer to FIG. 15). 

3. Operation and Effects: 

[0170] Applying a connection structure and a coimection method for coupling an 
optical element and an optical fiber of this exemplary embodiment brings the same operation 
and effects that the coimection structure and the connection method of the first exemplary 
embodiment have. 

[0171] According to the coimection structure and the connection method for 
coupling an optical element and an optical fiber of this exemplary embodiment, the clad 324 
does not cover the core 322 at an end part of the optical fiber 320 as FIG. 15 shows. In other 
words, the concave portion 360 is composed there of the core 322 and the clad 324. Since the 
connecting part 340 is positioned at the concave portion 360, the connecting part 340 is surely 
fixed there. As a result, a higher yield can be achieved. 

(Fifth Exemplary Embodiment) 

[0172] FIG. 18 graphically shows an optical module 5000 of a fifth exemplary 
embodiment of the present invention. The optical module 5000 includes, an optical element 
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10, a semiconductor chip 20, and the optical fiber 220 of the third exemplary embodiment 
(Refer to FIG. 8). 

[0173] As FIG. 18 shows, the optical module 5000 of this exemplary embodiment 
includes a connection structure, which is composed of the optical element 10, the optical fiber 
220, and the connecting part 240. Namely, the optical element 10 and the optical fiber 220 
are coupled through the connecting part 240. 

[0174] The optical module 5000 includes the same connection structure as that of 
the third exemplary embodiment (the connection vmit 3000). Specifically, the optical fiber 
220 and the connecting part 240 (Refer to FIG. 18) have the same structure as what the 
connection unit 3000 of the third exemplary embodiment (Refer to FIG. 8) includes. Instead 
of the optical element 100 (Refer to FIG. 8) that the connection xmit 3000 of the third 
exemplary embodiment includes, the optical element 10 is placed in the optical module 5000 
of this exemplary embodiment as FIG. 18 shows. 

[0175] In this optical module 5000, any of the optical fibers mentioned in the 
modifications and other exemplary embodiments described above can be used instead of the 
optical fiber 220. 

1 . Structure of Optical Module: 

[0176] The optical element 10 is a light emitting element or a light receiving 
element. As an example of the light emitting element; a surface emitting element, such as a 
surface emitting laser in particular is applied. A surface emitting element, such as a surface 
emitting laser, emits light beams in a direction perpendicular to a substrate. The optical 
element 10 has an optical part 12. When the optical element 10 is a light emitting element, 
the optical part 12 is a light emitting part. When the optical element 10 is a light receiving 
element, the optical part 12 is a light receiving part. Meanwhile, the optical part 12 is 
provided with an optical surface 12a. 

[0177] The optical element 10 is coupled to the optical fiber 220 through the 
connecting part 240. Meanwhile, the optical part 12 is positioned so as to face the core 222 
of the optical fiber 220. Furthermore in this exemplary embodiment, the optical part 12 is 
positioned so as to face a hole 28 of the semiconductor chip 20. 

[0178] The optical element 10 has at least one electrode (usually two or more 
electrodes). For example, a first electrode 14 is positioned on a surface of the optical element 
10 where the optical part 12 is placed. When the first electrode 14 includes a plxu'ality of first 
electrodes, at least one electrode is a dummy electrode. The dummy electrode is made of the 
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same material as that of the first electrode 14, and it is not electrically coupled to the intemal 
part of the optical element 10. For example, when the first electrode 14 is formed at the 
comers on a polygon that has three or more comers and is drawn with all straight lines, at 
least one of the electrodes is a dummy electrode. With to the structure described above, the 
optical element 10 can stably be supported with three or more points. 

[0179] Regarding the optical element 10; while the first electrode 14 being 
positioned on a surface part of the optical element, a second electrode 16 is positioned on 
another surface part. When the optical element 10 is a semiconductor laser such as a surface 
emitting laser or equivalent, the second electrode 16 is positioned on another surface part of 
the optical element 10 that is opposite to the surface part where the first electrode 14 is 
positioned. 

[0180] The semiconductor chip 20 is to operate the optical element 10. A circuit to 
operate the optical element 10 is embedded in the semiconductor chip 20. On the 
semiconductor chip 20, multiple electrodes (or pads) 22 are formed and they are electrically 
coupled to an intemal circuit of the chip. On the surface where the electrodes 22 are formed, 
it is preferred to have a wiring pattern 24 electrically coupled to at least one of the electrodes 
22. 

[0181] The semiconductor chip 20 and the wiring patterns 24 are coupled 
electrically. For example, the first electrode 14 of the optical element 10 is electrically 
coupled to the wiring pattern 24 formed on the semiconductor chip 20. Though they are 
coupled with wire, it is also possible to connect the first electrode 14 and the wiring pattern 
24 with metallic connection by a solder section 26 of a brazing material or equivalent or an 
anisotropic conductive material (film). In this case, the optical element 10 is mounted face- 
down onto the semiconductor chip 20. With this structure, the solder section 26 does not only 
connect them electrically but is also able to stably fix the optical element 10 and the 
semiconductor chip 20. Among the first electrode 14, the dummy electrode is also preferably 
coupled to the wiring pattem 24. With this stmcture, the optical element 10 is stably fixed 
onto the semiconductor chip 20. 

[0182] Furthermore, the second electrode 16 of the optical element 10 is electrically 
coupled to the wiring pattem 24. For connecting them, a wire 27 is used or a conductive 
paste is placed from the second electrode 16 to the wiring pattem 24. 

[0183] Between the optical element 10 and the semiconductor chip 20, an under-fiU 
material 40 is placed. The under-fiU material 40 covers the electrically connecting part 
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between the optical element 10 and the semiconductor chip 20 to protect the connecting part, 
and it also protects the surfaces of the optical element 10 and the semiconductor chip 20. 
Furthermore, the under-fiU material 40 has a function of retaining the connecting condition 
between the optical element 10 and the semiconductor chip 20. 

[0184] In addition, the under-fiU material 40 has a function as a sealant to fix the 
part between the connecting part 240 and the optical fiber 220. The refractive index of the 
under-fiU material 40 is preferably lower than those of the core 222 of the optical fiber 220 
and the connecting part 240. By applying such a stmcture, the under-fiU material 40 is 
provided with a function as a clad to confine the light transmitting inside the core 222 and the 
connecting part 240. 

[0185] Furthermore, the refractive index of the connecting part 240 is preferred to 
be the same as that of the core 222, and the refractive index of the under-fill material 40 is 
still further preferred to be the same as that of the clad 224. hi other word, by applying such a 
structure, the connecting part 240 and the under-fill material 40 is provided with the functions 
of the core and the clad of the optical fiber, respectively. 

[0186] A hole 28 (for example, a through hole) is formed in the semiconductor chip 
20. The optical fiber 220 is inserted into the hole 28, while the connecting part 240 is 
positioned at the end surface 222a of the core 222 of the optical fiber 220. The hole 28 goes 
through from the surface, where the electrodes 22 are formed, to the opposite siuface while 
the hole is keeping clear of any internal circuit. It is preferred that at least either of the hole 
inlets of the hole 28 has a taper section 29, with which it becomes easier to insert the optical 
fiber 220 into the hole 28. 

[0187] The semiconductor chip 20 is mounted on a substrate 42. Specifically, the 
semiconductor chip 20 is mounted on the substrate 42 through an adhesive 44. The substrate 
42 is provided with a hole 46, which is so placed at a position as to meet the hole 28 of the 
semiconductor chip 20. The adhesive 44 bonding the semiconductor chip 20 and the 
substrate 42 together is placed so as not to interfere with the meeting of the two holes, i.e., the 
holes 28 and 46, and not to clog the holes. The hole 46 of the substrate 42 is formed with a 
taper section that has a larger inner diameter toward the opposite direction away from the 
semiconductor chip 20. With the taper section, it becomes easier to insert the optical fiber 
220. 

[0188] The substrate 42 is made of either an electrically insulating material, such as 
resin, glass and ceramic, or a conductive material, such as metal. When the substrate 42 is 
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made of a conductive material, it is preferred to place an insulating film 43 onto at least the 
surface where the semiconductor chip 20 is mounted. Also in the following exemplary 
embodiment, the same material as mentioned above is used for a material of the substrate 42. 

[0189] The substrate 42 is preferably provided with high thermal conductivity. 
With this structure, the substrate 42 promotes radiation of the heat fi-om at least either of the 
optical element 10 and the semiconductor chip 20. In this case, the substrate 42 functions as a 
heat sink or a heat spreader. In this exemplary embodiment, the semiconductor chip 20 is 
bonded onto the substrate 42, and then the semiconductor chip 20 can be cooled directly. The 
adhesive 44 bonding the semiconductor chip 20 and the substrate 42 together is preferably 
provided with thermal conductivity. Furthermore, as the semiconductor chip 20 gets cooled, 
the optical element 10 coupled to the semiconductor chip 20 is also cooled. 

[0190] The substrate 42 is provided with a wiring pattern 48 and an external 
terminal 50. In this exemplary embodiment, the extemal terminal 50 is a lead. The wiring 
pattern 48 positioned on the substrate 42 is electrically coupled to at least one of the 
following components; i.e., the electrodes 22 of the semiconductor chip 20, the wiring pattern 
24 placed on the semiconductor chip 20, the first electrode 14 and second electrode 16 of the 
optical element 10; for example through a wire 52. In this case, the wiring pattem 48 can 
electrically be coupled to the extemal terminal 50 as well. 

[0191] The optical fiber 220 is inserted into the hole 28 of the semiconductor chip 
20. The optical surface 12a of the optical element 10 is facing the hole 28 of the 
semiconductor chip 20. Therefore, the optical fiber 220 inserted into the hole 28 becomes 
aligned to the optical surface 12a. 

[0192] The optical fiber 220 is also inserted into the hole 46 of the substrate 42. 
The hole 46 has its inner diameter narrow gradually toward the hole 28 of the semiconductor 
chip 20. Meanwhile, the hole 46 has an inner diameter of its opening expand so as to have a 
diameter greater than the optical fiber 220 at the other side surface opposite fi-om the 
semiconductor chip 20. The gap between the optical fiber 220 and the hole 46 is preferably 
filled up with a filler 54 of a resin material or equivalent. The filler 54 fixes the optical fiber 
220, and has a fimction to prevent the optical fiber from coming out. 

[0193] In this exemplary embodiment, the optical element 10 and the semiconductor 
chip 20 are sealed with a resin 56, which also seals the electrically connecting parts between 
the optical element 10 and the semiconductor chip 20, as well as the electrically connecting 
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parts between the semiconductor chip 20 and the wiring pattern 48 positioned on the 
substrate 42. 

2. Operation and Effects: 

[0194] By applying the optical module 5000 of this exemplary embodiment, the 
optical element 10 and the optical fiber 220 are coupled through the connecting part 240. 
Therefore, being compared with an ordinary optical module additionally equipped with a lens 
between the optical fiber and optical element, applying the optical module 5000 makes it 
possible to realize a simplified, downsized and low-cost unit. 

[0195] Furthermore, being compared with an ordinary optical module additionally 
equipped with a lens between the optical fiber and optical element, applying this optical 
module 5000 makes it possible to surely secure optical transmission between the optical 
element 100 and the optical fiber 220 through the connecting part 240. 

(Sixth Exemplary Embodiment) 

[0196] FIG. 19 shows an optical commimication system of an exemplary 
embodiment of the present invention. An optical transmission imit 90 connects electronic 
devices 92, such as a computer, a display, a memory device, a printer and so on. The 
electronic devices 92 can be information technology equipment. The optical transmission 
unit 90 can be a cable 94 equipped with a plug 96 at each cable end. At lease one of the ends 
of the cable 94 can be equipped with a connection structure between the optical element 100 
and the optical fiber 120 of the first exemplary embodiment (i.e., the connection unit 1000; 
Refer to FIG. 1). The plug 96 has a semiconductor chip 20 in it. The installation condition of 
the optical fiber 120 and the optical element 100 or the semiconductor chip 20 is as described 
above. In this case, instead of the connection structure between the optical element 100 and 
the optical fiber 120 of the first exemplary embodiment, any connection structure of the 
modifications and other exemplary embodiments described above can be applied. 

[0197] The optical element 100 equipped at either end of the optical fiber 120 is a 
light emitting element. An electric signal output from the electronic devices 92 at one end is 
converted into an optical signal by the light emitting element of the optical element 100. The 
optical signal gets transmitted through the optical fiber 120 and is input into the optical 
element 100 at another end, which is a light receiving element. The input signal is converted 
into an electric signal, which is sent into the electronic devices 92 at another end. In this 
manner, using the optical transmission unit 90 of this exemplary embodiment makes it 
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possible to communicate information data between the electronic devices 92 with optical 
signal. 

(Seventh Exemplary Embodiment) 

[0198] FIG, 20 shows an implementation format of an optical communication 
system of an exemplary embodiment of the present invention. The optical transmission unit 
90 connects electronic devices 80, as which the following devices are named; i.e., an LCD 
monitor, or a digital-communication-compatible CRT (which are sometimes used in the 
business sectors of finance industry, mail-order business, medical industry, and education), an 
LCD projector, a plasma display panel (PDP), a digital TV, a cash register for retailers (for 
Point of Sale Scanning (POS)), a VCR, a tuner, a video game machine, a printer and so on. 

[0199] The present invention is not restricted only to the exemplary embodiments 
described above, but various other modifications can also be applicable. For example, the 
present invention includes other structures as well that are practically the same as any 
structure mentioned above in the descriptions for the exemplary embodiments (For example, 
a structure in which the function, method and result are the same, or a structure in which the 
purpose and result are the same). Furthermore, the present invention includes other structures 
as well in which trivial details of any structure of the exemplary embodiments mentioned 
above are replaced. In addition, the present invention includes other structures as well that 
result in the same operation and effects as any structure of the exemplary embodiments 
mentioned above, or that are able to achieve the same purposes. Moreover, the present 
invention includes other structures as well in which publicly related art or known 
technologies are added to any structure of the exemplary embodiments mentioned above. 



